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(54) Photoactive copolymer 



re* The invention relates to a novel photoactiv copolymer and its use as orientation layers for liquid crystals and 
Lie cJnslZTo uTucxZ and structured optical elements and multi-layer systems. The copolymer conta.ns 
TcZ™Zo^9 Photoreactive groups and simultaneously side chains of the genera, formula .. 



""" S1 "~© 



A 1 )_ Z if(A^Z2-(A^)--(R , )o 
n m 



wherein 



in 

CD 
O) 

CM 



the total number of rings, including the number of rings in optionally present condensed systems is at least two 
and at most six; and wherein 

the broken line symbolizes the point of linkage to the polymer main chain: 

A 2 represents an alicyclic ring or a condensed ring system incorporating 2-5 rings, in which one or 

A LTnotadjacent CH 2 groups are optionally replaced by oxygen which . ^ 

Substituted by fluorine or by a straight-chain or branched alky. res,due which -s subs rtuted 
mono-substituted by cyano or halogeno, or poly-substituted by halogeno haying 1 to 1 8 carbon 
7oms and whereinone or more non adjacent CH 2 groups may 

croup Q where Q represents -0-, -CO-, -CO-0-, -O-CO- -SKCH^-O-SKCH^-, NR , 
Nr" CO- CO-MR*-, .Er2.cO-0-, -O-CO-NR*-, -NR2-CO-NR*-, -CH=CH-, -C-C-. -O-CO-O-, 

A1A 3 e^^ 

or substituted by fluorine, chlorine, cyano or by a cyclic, straight-cham or branched alkyl residue 
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So 1 1 18 hnn ' r n °" S f ^ Cyan ° ° r ha,09en °' -P°'^ubs.ituted by halogeno, 
having 1 to 8 carbon atoms and wherein one or more non adjacent CH 2 groups may independ 

CH ChT C r " °' : h6rein ° R2 h3Ve the meani "9 9 iven ab0 - w£ the 2t. 
-OH-OH-, -C=C- are not in conjugation with aromatic rings. 
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Description 
[0001] 



10 



15 



20 



25 



structured optical elements and multi-layer ^systems^ Qf ^ )iquid crysta) molecules within 

[0002] Thesuccessfulfunctioningofaliquidcrystaldev^ere., P molecules , s 

Lt device to adopt and maintain an "^J^^^L torthe liquid crystal mo.ecu,es of the 

layer rather than lying parallel hereto. d| , (LCDs) . Som e electro-optical 

angle at the other substrate is low (typically 0<> to afe we|| known t0 a ski ,| e d person. Cus- 
[0 004] Methods of preparing structured ^^"^^T^ Sample, polyimides however impact a series 
omanWed uniaxial 

of disadvantages like dust generation ^^g™^ of structured layers. Orientation layers in which the 
The rubbing process consequently -does ^"g^^* light have been known for some time. It .s 
direction of orientation can be predetermined by md at on wit p J ft „ ible t0 pr0 v,de areas 

that means possibletoavoidtheproblems — 

e° P rr,r^ ° r — d ,iquid c ^ orientat,on 

describe cinnamic acid polymers ^.f^f^^X^m^ described in EP-A-0763552 and 
photomcMd ortaMlon kym for liquid c 7^i^^25TS JdHontD tadudnofli* d«M otMMm. 

°s P ecial.yfor use in TFT displays, they ^in^ 

value, in TFT displays, too low a resistance value of the .quid crystal m d ^ ^ ho|ding ratio values> 

' SrSphotoreactlvemate^ 

99/49360 (Rolic AG), JP-A-10-1 95296, JP^I^J ^ 0 KK) In WO-A-99/49360, JP-A-1 0-1 95296 and I JP-A- 
(Rolic AG) and WO-A-99/51662 (Kanegafuchi ^"^jcle polymers on the one hand and polyimides on 
0-232400, blends of polymeric compounds e ^T^^J^ l m iscibility. Low contents of photoreachve 

5 the other hand are proposed. A disadvantage of such M to a reduced contrast ratio of liquid crystal 
polymers however lead to a loss of ^^^^^^2^ holding ratios. In WO-A-99/15576 and 
layers to be oriented whereas a reduced polyimide content results in .nsun ^ 
WO A-99/51662 polyimides incorporating ^^Z^sZl LCDs is the photostabi.ity of tilt angles. 
[0008] A usually important feature ^V^t^SS^ Irojection displays, for the known photo onentat.on 

50 Especially in displays using high light mtensrt, s, JVJ^SS with time. Such changes in tilt angle however 

55 ^Surprisinglyithasnowbeenfoundthatthepho^ 
Stf^ 
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incoming photoreactive groups and simultaneously side ohains of 



the general formula I: 



-s--£©-*}(^-0]- (R , 



m 



10 



15 



wherein 

the broken line symbolizes the linkage to the polymer main chain; 



or by a straight-chain or branched alkyEe vE » "^ ubstltut ^ or substituted by fluorine 

ogeno, orpoly-substitutedby halogenTS 1T0 ^ 

CH 2 groups may independently be replaced by 1 orl o ! h n ^ ^ ° ne ° r m ° re non ad ^"t 
-Si(CH 3 ) 2 -0-Si(CH 3 ) 2 , -NR2-, -NR2-CO CO-NR2 MM S Q jT M ^ "CO-, -CO-0-, -0-CO-, 
^C-,-0-CO-0,andR2„^ 

tuted, mono- substituted by cyano o hatoaenc "2 nil k r alky ' reS ' dUe which is ""substi- 

atoms and wherein one or LL J ^^^wS^TT " ^ 1 t0 18 cart ™ 

Q and R2 have the meaning given ^^^^^T 1 ' * by Q ' Whereif1 

3q with aromatic rings; ' thS pr ° VIS0 that - CH=CH ". -C-C- are not in conjugation 

to 24 carbon atoms, wherein one or mo* Z7aZ^t CH ' " P ° ly - subsWuted b V halogeno, having 1 
wherein Q and R2 have the meaning ^n abovt 9r ° UPS independent| y be re P»**d by Q, 

:=sutt^ 

to 8 carbon atoms, wherein one or more non IZent ' P °^ substituted b V "alogeno, having 1 

wherein Q and R2 have the meaning gTnTot? 2 9r ° UPS ^ independent| y b * repiaced by Q, 

^^*he«lnoneormo re «,nirt^^'^ ' ^ by ha, ° 9en °< havin 9 1 to 1 * 
QandR2havethemeaninggivenabovew^ 

directly to an aromatic ring ew ™ the prov.so that the groups -CH=CH-, -C-C- are not attached 



Z\Z2 



R1 



n and m 



50 



each independently are 0, 1 or 2 such that (m + n) < 2 and 
denotes 0 or 1 . 



55 



andcyclohexadiene. ' P P ' c >'* b ' ,lan ». «V=l»pemane, cyclopenlene, cyclohexane cyclohex™ 

0013] By the term "lower a.kyP it should be u e r ^ 

havmg from 1 ,o 6 carbon atoms, preferably from 1 toS5S?2^^^ B ? d branched Carbon radicals 
especally preferred. * '° d Carbon atoms - Me %'. ethyl, propyl and isopropyl groups are 
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10 



15 



20 



25 



30 



35 



of photoreactive mixtures, and the use alone or in mri res as ™ :d° ad y vanta geouslybe used in the construction 
layersrnaybeunstmcturedorstructuredCpatter^ 

of LCDs as well as in the construction of "nrtnictewdand *£JJ£* which are {or example exemplified 

asnon-absomtivecolorfiltersjinea^ 

in EP-A-0611981, EP-A-0689084, EP^^ indUC6 ^ Wflh ^ an9 ' eS - 
[0015] The new photoactive material ^^^^ d e fine d pret.lt angles in the whole range of 1- 

SSSK^M a steroid most preferab,y — 1 or 

cholestanol. transDerhvdrophenanthren-2,7-diyl or a group incor- 

pene or from a steroid, most preferably cholesterol or unsubstitut ed saturated five or six membered 

0019] Preferred rings * and A 3 ^T^^J^^^ ° r chlorine or by 3 "*» ^ " 
alicyclic rings or six membered aromatic rings °P ,,0 "f n y ^ atoms wherein 

branched alky, residue which is unsubstituted. ^^^X^^^' "° C0 "' - NR2 - C °"' - C °- NR2 "' 
oneormo^na^^ 

wTanaromatic ring and wherein R* represents a hydmgen cyc ,ohexane-1 ,4-diyl or 1 ,4-phe- 

[0 020] More preferred rings A 1 and A ^are — « SSS^e or a straight-chain or branched a.kyl 
nylene which is unsubstituted, mono- or P^"^™ b V f uon carbon atoms wher ein one or more 

residue which is unsubstituted, mono- or po y-su tat. utec I by fluonne n av ng ^ ^ ^ proviso 

non adjacent CH 2 groups may independently be replaced by ' -O- -CO O , O CO 

that CH=CH- and -C^C- are not in conjugation^ with ^^L^ are a single bond, -CH 2 - or a straight-chain 
[0021] Preferred "spacer units" Si in the contextof the presen invention a s . (C H 2 ) r -CO-0-, - (CH 2 ) r - 
or branched alkylene grouping, represented by -(CH 2 ) r - ^^^^^ixi!^., -(CH 2 ) r - 
0-CO-, - (CH 2 ) r -CO-NR2-, . (CH 2 ) r -NR2-CO-, *q q ^'u \ f J^O-(CH 2 ) s -0^ - (CH 2 ) r -CO-0-(CH 2 ) s -0-, 

o-co.(CH 2)s -, <^^^^;^1^t^^^^^ if atta< * ed 10 a po * styrene ' 

- (CH2) r -0-CO-(CH 2 ) s -0-, - (CH 2 ) r -NR 2 -CO-(CH 2 ) s -0- -(CH 2 NR CO O (L ^ , . 0 . c0 . (C H 2 ) f -, -NR2-CO- 
pdyimide, polyamic acid or poiyamic acid ester backbone also ^^^*i MHt( -0-(CH 2 ) r -NR 2 -, 
( CH 2 ) r -, -CO-NR2-(CH 2 ) r -, -N R2 -( CH ^ 2 -°t C ^> 0 C °- °"' ° 2 Sg^ -NR2-(CH 2 ) r W-, -NR*-(CH 2 ) r -0-CO, 
-0-(CH 2 ) r -C-, -0-(CH 2 ) r -NR2-CO-, -NR^CH 2 ) r -CO-0- , -NR (CHg O , „ . o . C 0-(CH 2 ) r -O-, 
-CO-NR 2 -(CH 2 ) r -0-, -CO-NRMCHaVNRa- ^^g^^NR&o-, -0-(CH 2 ) r -0-(CH 2 ) s -, 
i -0-CO-(CH 2 ) r -NR2-, -0-CO-(CH 2 ) r -CO-0- -O-CO- CH 2 ) CO NR u ^ # t . 0 -(CH 2 ) r -CO-0-(CH 2 ) s -0-, 
-0-(CH ) r -CO-0-(CH 2 ) s -, -0-(CH 2 ) r -NF* ^ tffi**^^>. -CO-0-(CH 2 ) r -0-(CH 2 ) s -, 

■r <c« - * rsr ,rom 2 10 12, with the 

, ?0022] More preferred "spacer units" Siar^^^ (C H 2 ) r -NH-CO-, -<CH 2 ) r - 

(CH 2 r -, and also -(CH 2 ) r -0-, -(CH 2 ) r -CO-0- -Wf£0O • < ^ ^) -NH-CO- CH 2 ) -0-, -(CH 2 ),NH- 
NH-CO-(CH 2 ) s -, -(CH 2 ) r -NH-CO-0-(CH 2 ) s -, WW. jEtJLic acid ester backbone also - 
CO-0-(CH 2 )7o-, and if attached to a polystyrene, P ohy,rn,de_ oiyarr ,c . 0 . (C H 2 ) r -0-CO-, 

. ^^^^^^^^^^^^ 

the sum of r+s<15. , H Qtraiaht-chain alkylene grouping represented 

[0023] Most preferred "spacer units" of S 'are a ^^^^SS(y. 7cH 2 ) r -NH-CO-0-(CH 2 ) s -0-, 
» by -(CH 2 ) r -, and aiso -(CH 2 ) r -0-, -(CH 2 ) r -CO-0-, - V*W>*°-' -(CH 2 ) O ^a) s • ^ ^ a|SQ . 0 . (CH2 ) r , 
and' if attached to a polystyrene, ^'j™^ 

oT4%o°co» 



EP 1 219 651 A1 

8 and the sum of r + s s 8 



[0024] Examples of preferred "spacer units" si arp 1 o *th>„ 

^'^•^^ 

1 ,4-butylene, 3-propylene-oxy, 3-propy^ 

onyl, 3-propylene-carbonyloxy 5-pentylene^ T St!" V 4-butylene-oxy, 4-butyleneoxy-carb- 

loxy, 8-octyleneoxy. 8-octyleneoxvcarbonvl jtJnL nepty ' eneoxy ' ^eptylene-oxy-carbonyl, 6-hexylene-carbony- 
tylene-carbonyloxl lO-de^en^ 9 ; nony,eneoxy, 9-nonyleneoxycarbony,, 8-o - 

decylene-oxy-carbonyl, 10 deoylene carbonXxv 72 7" 9 - non ^ c ^on V \oy ]/ , 11-undecyleneoxy 11-un- 

o ^nyioxy.a-pro^^ 

bonyl, 7-heptyleneimino-carbonyl. S-octyleneS^onvl * i ™ ^"^"^'^"^bonyl, 6-hexyleneimino-car- 

11-undecyleneimino<arbonyM2 dodecye emlea ^ 

^-butylene-carbonyl-imino/s-pentylent^ 

. ^--rbonyMmino, 9^ 7-heptylene-carbon l-imino 

» 6-(3- P ropylene-imino-carbonyl-oxy)-hexylen^ ? wi^T^ ^^ Vi ™ no • 11 - unde ^ene-carbonyl-imino, 
^^ropylene-imino^rbonyl^-h^ 6-(3-propylene-oxy)-hexy eneoxy 

yl)hexy,oxy, 1 ,2-ethylene-dioxy, " 3 p py enedio^ 

V-heptylenedioxy, 1 ,8-octylenedioxy T^Z^X^ 1 ^^lene-dioxy, 1,6-hexy,ene-dioxy, 
decylene-dioxy and the like nonyiened.oxy, 1,10-decylene-dioxy, 1,11-undecylenedioxy, 1 12-do- 

-O-, -CO-O-, -0-CO-. adjacent CH 2 groups may independently be replaced by 

OH 2 groups may inaep.nfcnn, be replaced MO m ^T""'™"-"*"' 

~gp^^ 

in polymers f„ a^taot ,o Z D Z, S°T S "° h ** M " s <™°°™°"* «*> 
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— SMBlp-P 1 R3-(B) p -P 2 -Sl — 

II 111 



Where ' n , • ~Uoi«- 

the broken line indicates the linkage to the polymer main chain, 



10 



15 



has the meaning given above; 



groups may 
pi t p2 signify photoreactive groups 

20 R3 



is a n y d,o 9 en atom. ., a o, —d a» ^^t^™ 



p is 0 or 1 . 

25 [0 035] Preferred photoreactrve groups Ri and P* comprise groups which undergo a photocyciisation and have the 
general formula IV and V respectively 



30 



35 





IV 



40 



wherein , 
the broken line indicates the linkage to B or S* respectively; 



^sanfcphan^nawh^ansnte™ add— 

chain or dranahad alkyl residua which is unsubsMuled^ono-aubsma » d « Wa"\o g H 
, E ,.p,ase„ B -OR*, -NR 5 R e , a, an a*y 8 s„ a,.m «sd * mSSS^S^ 
55 form an alicyclic ring with 5 to 8 atoms; and 
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by -0-, -C0-0-, -0-CO- and/or -CH=CH-. 
[0036] More preferred groups P i and P* have the general formula IV and V respectively wherein: 

represents 2,5-furanylene, 1 ,4- or 2, 6-naphthylene; ' ' ' - CH=CH -' or C further 

nop adjaoard CH, g ,o Ups ^^1".°™^ £ 2T" *~ " *" » - »' — 
X, Y are hydrogen atoms. 

'iS^RST?? '° ,he ,nve * n ' whk * ^ slde — - '°™"'» 1 - 

«»• known ,o .p.^l^Z^m^^TT^^^^^^^''^ 

stt* epXo86m ^ es in ep - a - o6,,7b6 ' w °-*~ 

[OWO] Especially preferL aLTS 

2r «, ™j; temMS , „ a ; p ~r, rssEr* op,lona " , *— - 

rooS *™ r ? J* ,aaylate ' Pd^anaoylate, potyvinl athe, and polyvinyl sate, 
rnn^i tk* ;™ . preieraDiy < ^5 / Q> and most preferred < 20 % 

K£r o^p^e^ in »*— - '-t one other photoreactive 

copolymer of thepresen, J^SSJZ^S^S IT < ph ° t0rM ° *** contain a 

as exempted in EP-A-0611786. WoTge/^ pr ° perties - for insta "<* 

and PCT/EP00/06788. ^ EP - A -° 76355 2. EP-A-0860455, WO-A-99/15576, WO-A-00/59966 

ester, styrene derivatives imidts amc acl aS methacrylamide, vinyl ether viny. 

toreactive groups substructu^ , of formu^or <! ^ am ' dimideS ^ thS SWe Chains contain as P"° 

Wi,h ^ C0P °^ erS ° f ^ inVenti0 " " **■»*»•» 
side chains. ^ ,ncor P oratin 9 ™nam,c acid orcoumarin derivatives as photoreactive 

acS^o^ 

and polyamic acid ester. 9 3 photoreact,ve P°ly™r based on polyimide, polyamic acid 

the copolymer. < 25 WA. more preferred < 15 wt%, most preferred < 10 wr% ol 

szse;:: * ^ — » — * » -» «. „ si „ 9 * , hat 
fepoig ™ e .nZ!?„rpx^^ T"* 1 me,haay,am,ds ™ ^ **— - 

polymariaarion .1 pra-mi^ ™„Z^Z 2 ^^221"? T ™» aM,ion '° ,he *« 
feapfcc dertraeves „„„ ,„„ cti0 „ al MS "* POSS ' b "" 1 ' P-'ymor-enafegoe, reaction ol reaai.e pho- 

SSJCnS SSJiZZL? '"o T~ " ■* ""«— «-» lire 

inltuonca ol UV radtatlon o, ir^SSSTl f ?1 '" ' kmm se Me " te 
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10 



15 



20 



25 



30 



35 



^ expounds spcb, - #«mm », nap^orn ' *> Sn °' 3 °' ™" 

[00511 in M second process a polymer Pan aU o * t»o*»J" P » ^ such aSi lor e<ampte , 

Loooo.1 porynrar and soitablo Po*"™**" re »*" s - 

es.en-npa.ion, imMKU ^"^SSS 1 000 and 5 000 000, preferably ho«a»e. barren 

fundamentals and applications) . nr pn ar ation of the polyamic acids is carried out in solution 

l0 054] Forexa m p.e,thepolyconden« 

in a polaraprotic organic solvent such »T^*^^/K. y ^ ^ js tQ say Qne amm0 

ylformamide. In most cases equimolar ™^"J l jJ^^ lgh , 0 f the polymer, it is possible for that purpose 
group per anhydride group. If it is desired to stabilize ^^"^"^i or t0 add a monofunctional com- 
ic add an excess or a ^^f^ZZZeZ ItTor^SLin.. Examples of such monofunc- 

preferably at a temperature of less than 100 -C ap0 | a r polymers like polyacrylates, polymetacrylates, 

KI~r^ 

can be earned out by heating, that is to say ^ f ^^^JZ^S^ " «* always complete, that is 
with reagents. When carried out purely thermally, the ^^^J^ The jmidisa ,ion reactions are generally 
to say the resulting polyimides may rtl ^.^'J^S^Si 200 -C. in order to achieve imidisation 
carried out at a temperature of from 60 to 250 C but preterao, y ^ ^ fM& ^ remova , 

at rather lower temperatures there are f^^^^^, such as acetic acid anhydride, pro- 

polyamic acid to be condensed. alternatively only after application to a support. The latter 

[0057] The imidisation reaction ^ 

variant is preferred especialfy when the potyimide mh quest an intrinsic viscosity preferably in 

[0058] Polyamic acids and P^^^^^ (, inh = In WO is determined 

range of 0.05 to 10 dUg, ™ re P referab * of 0.5 g/100 ml for its viscosity at 30 °C using N- 

by measuring a solution contain.ng a polymer in a concentrate ^ 

methyl-2-pyrrolidone as solvent. . according t0 the invention are syn- 

[0059] The number of monomer building blocks om which the poiym 

, hesized can vary within a wide range. It is genera lv , 20W- contain additives such as silane- 

[0060] The copolymer and the polymer ""^ ° s £ j£ tne adhesion of the polymer to 

containing compounds and epoxy-contammg cros ^ ^ ire, for example P.ast. Eng. 36 (1 996) 

a substrate. Example for silane adhes,on ^^^^^ cross.inking agent preferably includes 4,4'- 
(Polyimides, fundamentals and applications) k The ^J^^TJJ benzene . , 2 , 4 ,5-tetracarboxylic acid 1 ,2: 

s Lth y y,ene-bis-(A/ )W -diglycidylani.ine) i tr, methyl and the like. 

4,5-N,W -digtycidyldiimide, polyethylene glyco d| 9^^^ r ' ^ Zlxio* may contain additives such as a photo- 

[0061] The copolymer and the polymer rn.xtu. es accor ng totte .nvention y ^ 

sensitizer, a photo, adical generator and. or a cat, ^ff^^^L or ethy. 4-(dimethy.amino)benzoate, 

IS" The corner and the polymer -ures adding to = 

any imidisation step which may be L^ Tere being obtained, depending upon the direc- 

cycloaddition of their side-chains containing the Photoreachve 9 ™P£ J o( tj|t for liquid crysta | S 

55 tion of po«ar ization of the light radiated in a preferred * ^ ' - ^ Qf the 9 moleC u.ar units according 
that are bought into contact with ^ 1 * be ali 9 ned a " d ^ 3 
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[0063] 



30 



[0063] The present invention therefore also relates to th* . .c» *r th . 

as orientation 

especially in the production of hybrid layeJeteS 

The support may optionally be provided <1^3SZ? T ^ ° ° 5 * 5 ° mm thi< * ness are P roduced ' 
a glass plate coated with indium-tin oxide Sm^SS^Z TT T " e,e( * D * ' ayer < for exam P le 
techniques may be used like spincoating. ^LZlTZ^jT' 0 ^ P °' ymer different Coatin 9 

vurprinting. Then, optiona.ly after prior imi^sa^n the ZZZT 9 ' offset e rintin 9- Sprinting, gra 

high-pressure mercury vapour lamp, a xenon lamp or a pu Ised Uv Sr ^ be irrad ' ated ' f ° r examDle - wilh a 
creating patterns or structures. The irradiation Sme is dene £L * ' P ° tariZBr 8nd ° Pti ° nal| y a mask for 
used. The dimerisation can also be carried out T^S^SS^ ^1 *" ^ " the ,i9ht Source 

chromatography (GPC, at 35>C using THF as solvent! SS-Z!^^' , ^ h6d * ^ 
Example 1 

[0067] 



35 



40 



45 



50 



55 




cyclohexanecarbonitrile (ACN) in 3.2 m^dSS^/SS^ 80 ^ 11 ^ ( ° ° 32 mm0, > *■«*«*»■ 
then sealed under argon and stirred at 80 VZt TZ^Z^P ^ h 3 S6a,ab,e tUbe ' The tube ™* 
(THF), precipitated into 400 m. methanol ^^^ fl JZ1ST ,B ^ '"^ 5 m ' "™»*<*>™ 
into 300 ml methanol to yield 0.35 g pcMd^^s^^\^ P ^ Vma re P rec ipitated from THF (4.0ml) 

E^Thecholeste^methacrylateusedasst^ 

rdSr t m ; thacry,ic acid and 009 ^ N ' N -«y'- 

added. The solution was then stirred duhng 5 h a r oom^ 
evaporate.tod.nes, Chromatography o^re^ 
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acrvlate as a colorless solid. 

[0071] The following compounds were prepared in an analogous manner: 
P0 , y -cho.e^ 

(1:4) ' Mn 

P oly-cholesteryl-2-methacrylate-co-6-2^ 
Poly-6-(cholesteryl)hexy^^ 

p^il*^ 

hexyl-2-methacrylate (1 :4). 
Example 2 

2-[4-(2-methoxycarbony!vinyl)phenyloxy]ethyl-2.methacrylate (1 :3) 
[0072] 



5 



OO o 




EP-A-0763552) and 5.3 mg (0.032 mmol) a.a-azo,so foutyron.tr e (AIBN) .n y y ^ 

gassed in a sealab.e tube. The tube was then ^^^^^^IJ^^TW^ ml) into 
precipitated intoSOOm, diethyl et^ 

300 ml methanol to yield 0.58 g (80%) poly-3-[(E) 4 I E) 4 I* ™»W y ; y = 
ylate-co-2-[4-(2-methoxycarbonylvinyl)phenyloxy]ethyl-2-methacrylate (1 .3) as a white som, M n 

^ The 3.^4-^^ used 35 Startin9 ^ 

rial was prepared in accordance , with ithe J'^^ pre- 
[0075] To a solut.on of 3 g (9 .54 mmol) 3-[trans 4 Lfrans « p m » H m dimethvlaminopyridine in 60 ml CH 2 C 12 
pared according to US 5,454,974, 1 .94 g 2-methacryhc ac ^ 0.33 g M£££%£ ^ then 

at 0 °C a solution of 5.5 g ***^^ water, dried over Na.SO,, 

q of the acrylate as a colorless solid. 

[0076] The following compounds were prepared in an analogous manner. 
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M n = 9.1 x 10 4 , pdi = 2.08; 

M n = 9.8 X 10 4 , pdi = 2.58- 

M n = 8.75 x 10 4 , pdi = 2.27- 
M n = 7.9 X 104, pdi = 2.17; 
M n = 7.4 X 104 pdi = 2.29- 



Example 3 
Polyimide 



g°?o 7 i 13 z 9 ,) 9 s z^:^^~^r dianhydride was added - a - 0059 

6-[2-methoxy-4-(2-methoxycLC^ f 9 f f 1 " 02 mm0l) ° f ^^minobenzoic acid 
out at 23 °C for 2 hours. Then another! 022 , f " te,rah y drafuran - Stirring was then carried 
added. The rnixture was subseql y aTwedti;^ 

diluted with 3.5 ml THF, precipitated into 2o7ml d.eZlh. h . r °° m ,em P erature - Th * P°lymer mixture was 
'™THF(10ml)after'^ 

polyamic acid in the form of a beige powder S 57 dUg tem P^ure under vacuum, 0.687 g of 
Sylv^ 

dure: * 'ester used as startmg matenal were prepared in accordance with the following proce- 



3,5-Dinitrobenzoic acid cholesteryl ester 



0*» 



werl 9 di^ 

was added .^S^S' * ° '° ^ ^ 41 ^ ine 

« minutes. After 4.75 hours at 0 °C the reaction mixture was partitioned 
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between dichloromethane and water; the organic phase was washed with a sat. solut,on of sod.um bicarbonate 
a^repea edly with water, dried over sodium sulfate, filtered and concentrated by rotary evaporafion Chromatog- 
raphy oH^eesle on 00 g silica gel using Toluene yielded 5.56 g (95%) 3,5-dinitroben Z o,c acid cholestery, 



ester as yellow powder 
3,5-Diaminobenzoic acid cholesteryl ester 



NH, 



5 54 g (9 54 mmol) of 3,5-dinitrobenzoic acid cholesteryl ester and 2.0 g (37.39 mmol) of ammonium chlor.de were 
suspended inT m of a mixture consisting of methanol : water 9:1 . 1 2.48 g (1 91 mmol) of anc powder were then 
aTd in one portion and the resuming mixture stirred at 40 <C. After 4.5 hour 20 ml of another 20 m of metha K 
water 9- 1 were added to the thick suspension and the reaction allowed to continue during 4.25 hours. The reaction 
mture'wasthenc^ 

SloTomethane and water The organic phase was washed with a saturated sodium bicarbonate solution and 
£S^w£C dried over sodL sulfate, fibred and concentrated by r^SZS^R 
of the residue on 1 00 g of silica gel using toluene/ethyl acetate (7.3) gave after drying under high vacuum 2.82 g 
of a pasty compound. 

Example 4 

Preparation of cell with high tilt 

[0079] A two percent by weight solution of the photoreactive copolymer Poly-3-[frans-4^^ 
Wto^tZ^oZee Example" ) was prepared using cyclopentanone as a soivent. The solution was stirred 

;srsi:r^L * »» o nto two TO «— ^ ^ we re 
sreith™:^ 

Press re mercury lamp. The intensity of the uv-light at the substrates position was measured as 1 J mW^ 
0082] With the coated sides facing inwards, the two plates were assembted .n o a ^ ^J^J^^ 
20 urn thick glass rods as spacers. The cell was filled with the nematic liquid crystal mixture MLC1 2000-000 (Merck) 
at 105 " Ell above the clearing temperature (T c = 90 °C) of the liquid crystal mixture. The xel was^ subse- 
y Ltd d wn to 95 »C with a cooling rate of 3 °C/minute, from 95 °C to 85 °C with . .coo J "^j^Ei 
Zn frnm 85 °C to 25 °C with a cooling rate of 5 °C/min. Above cooling procedure was applied to allow stress ree 
a gnment of the * * cryS mixture while passing the clearing temperature. When the ^^^S^ 
oEfnamicricope the alignment quality was found to be excellent. With atilting compensator which was .n reduced 

rtirpction of the uv-light which was used to photoalign the photopolymer. 

?0083 Tha tilt late generated in the liquid crystal material by the photoaligned layer was measured using the stand- 
LrSZtaTrotalion^ instrument TBA1 05 from Autronics Melchers was used for that purpose. 

The pretilt angle was evaluated to 89.1 ° respective to the surface plane. 

Example 5 

Preparation of cell with medium tilt 

[0084] Following exactly the procedure of Example 4 a second parallel cel. ^^^^^ 
Example 4 a two percent by weight solution of the photoreactive copolymer Poly-3-[fran S -4- rans-4-(3,4-d,fluorophe 

Xclohexy^ 
of Example 4. 
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[0086] From the crystal rotation measurement a pretilt angle of 49.6° was observed. 
Example 6 

Preparation of an orientation layer using blends 
[0087] 

Solution 1 : A mixture of a photoreactive polyamic acid (9 parts) of the type disclosed in WO-A-99/15576 - also 

coe f ; ( 2 ltho P ; 401 R0lk ; ReSearch Swit -'^ - -d poly-fcholestervl * Z 
addt£f f T ^"^^'^^"y'^l-^xyl^-methacrylate (1:4) from Example 1 (1 part) was 

a mom t^T T! ? aChiSVe 8 t0ta '* 2 %Wt S ° ,Uti0n ° f P°* mers - The ™«™ was then s Jed 
at room temperature for 1 0 min. to get a clear solution 

Solution 2: A solution of photoreactive polyamic acid ROP-401 (97 parts) and of po^choh^^a^ttao^ate,- 

SJIJSS (1:4) (3 parts) was ^ 

oe^LSH^ 1 T S T° n 2 W6re e3Ch fittered ° Ver 9 0 2 ^ Teflon f ilter and applied to a glass plate which had 
been coated with mdium-tm oxide (ITO), in a spin-coating apparatus at 3000 rev./min in the course ot 60 secTdT 

Example 7 

Production of an orientation layer having a defined high angle of tilt 
Example 8 

Production of an orientation layer having a defined low angle of tilt 

Ten LhLved Win9 " ? ^ S ° ,Uti ° n 2 0f Exam P |e 6, a HI angle of 5.5" has 

Example 9 

Optical stability of tilt angle 

Eid^! Tm?" 9 t0 EXamP ' e 8 haV ' ng an ° rientati0n la * er exhibitin 9 a defined angle of tilt of 5 5= was 
40?^„h PhOt0 f b,lrty e *P e « using a focused halogen lamp. The light impact on the sample had a cut-off at 

waso^^ 
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Example 10 

Determination of the voltage holding ratio (VHR) 

5 [0093] Two glass plates coated with Solution 2 according to Example 6 were irradiated perpendicularly during 4 
minutes with linearly polarized UV light. From both plates a cell of 1 0 iim spacing was built such that the illuminated 
surfaces were facing each other and the previous polarization directions of illumination were parallel. This cell was 
then maintained at 120 °C under high vacuum for 14 hours and thereafter filled with TFT liquid crystal mixture 
MLC1 2000-000 from Merck in vacuo at room temperature. Between crossed polarizers a uniformly oriented liquid 

10 crystal layer was observed. Prior to testing the voltage holding ratio (VHR) the cell was first subjected to ageing for 50 
hours at 120 °C. The voltage decay V (at T = 20 ms) of a voltage surge of 64 u.s with V 0 (V at t = 0) = 0.2 V was then 
measured over a period of T = 20 ms. The voltage holding ratio then determined, given by VHR = V rms (t = T)/V 0> was 
99 % at room temperature and 88 % at 80 °C. 



15 



20 



25 



Claims 

1 . A photoactive copolymer which contains side chains incorporating photoreactive groups and simultaneously side 
chains of the general formula I: 



S 1 



~{r C^)~ z }(3~ Z2 ~(^) — (R1)< 

^ n m 



wherein 

30 the total number of rings, including the number of rings in optionally present condensed systems is at least two 

and at most six; and wherein 

the broken line symbolizes the point of linkage to the polymer main chain; 

A 2 represents an alicyclic ring or a condensed ring system incorporating 2-5 rings, in which one or more 

35 non adjacent CH 2 groups are optionally replaced by oxygen, which is unsubstituted or substituted by 

fluorine or by a straight-chain or branched alkyl residue which is unsubstituted, mono-substituted by 
cyano or halogeno, or poly-substituted by halogeno, having 1 to 18 carbon atoms and wherein one or 
more non adjacent CH 2 groups may independently be replaced by a group Q, where Q represents -0-, 
-CO-, -CO-0-, -O-CO-, -Si(CH 3 ) 2 -0-Si(CH 3 ) 2 -, -NR 2 -, -NR 2 -CO-, -CO-NR 2 -, -NR 2 -CO-0-, 
40 -O-CO-NR 2 -, -NR 2 -CO-NR 2 -, -CH=CH-, -C=C-, -0-CO-0-, and R 2 represents hydrogen or lower alkyl; 

A 1 , A 3 each independently of the other represents an aromatic or alicyclic group which is unsubstituted or 
substituted by fluorine, chlorine, cyano or by a cyclic, straight-chain or branched alkyl residue which 
is unsubstituted, mono- substituted by cyano or halogeno, or poly-substituted by halogeno, having 1 
45 to 1 8 carbon atoms and wherein one or more non adjacent CH 2 groups may independently be replaced 

by Q, wherein Q and R 2 have the meaning given above, with the proviso that -CH=CH-, -C^C- are 
not in conjugation with aromatic rings; 

S 1 represent a single covalent bond or a spacer unit, such as a straight-chain or branched alkylene residue 

50 which is unsubstituted, mono-substituted by cyano or halogeno, or poly-substituted by halogeno, hav- 

ing 1 to 24 carbon atoms, wherein one or more non adjacent CH 2 groups may independently be re- 
placed by Q, wherein Q and R 2 have the meaning given above; 

Z 1 , Z 2 represent a single covalent bond or a spacer unit, such as a straight-chain or branched alkylene residue 
55 which is unsubstituted, mono-substituted by cyano or halogeno, or poly-substituted by halogeno, hav- 

ing 1 to 8 carbon atoms, wherein one or more non adjacent CH 2 groups may independently be replaced 
by Q, wherein Q and R 2 have the meaning given above; 
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^unluS 

s unsubstituted, mono-substiluted by cyano or halogeno, or poly-substituted by halogeno having 1 
to 18 carbon atoms, wherein one or more non adjacent CH 2 groups may independency be repteced 

cVTZ»n. 1"™ *" M9 9 ™ »»» With the that,he 9-ups Sen 

-C=C- are not attached directly to an aromatic ring; 



n and m each independently are 0, 1 or 2 such that (m + n) < 2 and 
q denotes 0 or 1 . 



8. 



a edby^To O To 7^0^^ ™ <** 9 ™ PS ™* independent^ 

with aromatic rings ' ' ' "° C "' W,th ^ ^ ,hat and ^ are "at in conjugation 

°s< 2 f S esoecr< iT h"! ? ''^ ^ 1 to 2 °' bUt ^pecialtyfrom 2 to 12, th the p^ovisSr 
+ s < 21 , especally < 15, and wherein R2 represents hydrogen or lower alkyl. 

alM^r C ° P0,ymer aCC ° rding t0 any ° ne ° f daims 1 10 6 < wherein 31 « single bond -CH 2 - a straiqht-chain 
alkylene grouping represented by -(CH,) - and also -<CH ) o /ruirnn /^u » « ~ 2 ' sira, 9 nt cnain 
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■ r, ,ru \ CO O ,CH„, - -C0-NH-(CH 9 ) r -. -0-CO-(CH 2 ) r -, -0-CO-(CH 2 ) r -CO-0-, 

SSJj^lw^^ WhI-NHW", wherein r and s are each an integer from 2 to 1 2 
and the sum of r + s<15. 

in r and s are each an integer from 2 to 8 and the sum of r + s < 10. 

S'So.%«t^^ and -CO a™ no, ,n ncnjagalan w«h a,o m a,,c ninga and «. B» 

represents a hydrogen atom or lower alky!. 

adjacent CH, groups may independently be replaced by -0-, -CO-0-, -0-CO-, -CH-CH-, 1 ' 
the proviso that -CH=CH- and -C-C- are not in conjugation with aromat.c nngs. 

CH 2 groups may independently be replaced by -0-, -CO-0-, -0-CO-. 

an aromatic ring and wherein F*> represents a hydrogen atom or lower alkyl. 
aromatic ring. 

16 A photoactive copolymer according to any one of claims 1 to 14, wherein m and n are chosen such that the total 
number of rings including the rings in a condensed system are 3 or 4. 

17. A photoactive copolymer according to any one of Cairns 1 to 16, wherein q is 1 except where ring is chosen 
from a radical of a di- or triterpene or a steroid. 

18. A photoactive copolymer according to claim 17, wherein * is a radical of a steroid and q has the value of 0. 

19 A photoactive copolymer according to any one of claims 1 to 1 8, wherein it comprises in a« io ^ side chainS 
of Cula I side chains incorporating photoreactive groups which are able to undergo P hotocyc.,sat,on. 

20. A photoactive copolymer according to claim 19, wherein the side chains incorporating photoreactive groups are 
substructures of the general formula II or III 
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Sl-(B) p -pl r3_ (b)d _ p 2_ s 1 

II 



P 
III 



wherein 

the broken line indicates the linkage to the polymer main chain; 
S 1 has the meaning given above; 



B 



denotes an aromatic or alicyclic group which is unsubstituted or substituted by fluorine chlorine cvano 
or by a stra.ght-chain or branched alky, residue which is unsubstituted, monS*Z^^ 

adiLTcH P ° ly - SUbSt,tUted b * halo 9 e ^ ha ™g 1 to 18 carbon atoms and wherein one or more non 
advent CH 2 groups may independently be replaced by Q, where Q and R* have the mean'g give 



P 1 , P 2 signify photoreactive groups; 



R3 



LlTJT" 7'>° r 3 Strai9ht - Chain or branched alky' residue which is unsubstituted mono-substi- 
or mot" r y H ° r ° 9en °' ° r «V halogeno, having 1 to 1 8 carbon atoms where n one 

a ove and 2 ^ be re P laced * * where Q and R* have the mean ng i 



is 0 or 1 . 





IV 



V 



wherein 

the broken line indicates the linkage to B or respectively; 

C S 2L P hSn ? ne iS unsubstituted or ^bstituted by fluorine, chlorine or cyano or by a cyclic 
straight-chain or branched alkyl residue which is unsubstituted mono-substituted bv ™™ n , U, 
or po, y . substit ted by ha|ogen0i havjng 1 tQ 18 carbon atQms ^ - b 

groups may independently be replaced by Q, where Q and R 2 have the meaning given above o^ ^further 
represents pynmidine-2,5^ 

linked to ae rher olT' S ° * m not direCt,y attached to each «* * 5 and R« are 

unKed together to form an alicyclic ring with 5 to 8 atoms; and 
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X, Y each independently of the other represents hydrogen, fluorine, chlorine, cyano, alkyl optionally substituted 
by fluorine having from 1 to 12 carbon atoms in which optionally one or more non-adjacent CH 2 groups 
are replaced by -O-, -CO-0-, -O-CO- and/or -CH=Chk 

22. A photoactive copolymer according to claim 21 , wherein: 

C represents phenylene which is unsubstituted or substituted by a straight-chain or branched alkyl residue 
which is unsubstituted or mono- or poly substituted by fluorine, having 1 to 18 carbon atoms and wherein 
one or more non adjacent CH 2 groups may independently be replaced by -O-, -CO-, -CO-0-, -O-CO, 
-CH=CH-, or C further represents 2,5-furanylene, 1 ,4- or 2,6-naphthylene; 

E represents -OR 4 or -NHR 5 , wherein R 4 and R 5 are a cyclic, straight-chain or branched alkyl residue which 
is unsubstituted or mono- or polysubstituted by fluorine, having 1 to 18 carbon atoms and wherein one or 
more non adjacent CH 2 groups may independently be replaced by -0-; and 

X, Y are hydrogen atoms. 

23. A photoactive copolymer according to any one of claims 1 to 22, wherein the polymer backbones to which the side 
chains of formula I and the photoreactive side chains are attached, are those which are generally used for pho- 
toaligning polymers. 

24. A photoactive copolymer according to claim 23, wherein the backbones are formed from acrylate, methacrylate, 
2-chloroacrylate, 2-phenylacrylate, optionally N-lower alkyl substituted acrylamide, methacrylamide, 2-chloroacr- 
ylamide, 2-phenylacrylamide, vinyl ether, vinyl ester, styrene derivatives, siloxanes, imides, amic acids and their 
esters, amidimides, maleic acid derivatives, fumaric acid derivatives. 

25. A photoactive copolymer according to claim 23, wherein the backbones are formed from acrylate, methacrylate, 
optionally N-lower-alkyl-substituted acrylamide, methacrylamide, vinyl ether, vinyl ester, styrene derivatives : imi- 
des, amic acids and their esters and amidimides. 

26. A photoactive copolymer according to claim 23, wherein the backbones are formed from acrylate, methacrylate, 
optionally N-lower-alkyl-substituted acrylamide, methacrylamide, vinyl ether, vinyl ester, and styrene derivatives. 

27. A photoactive copolymer according to claim 23, wherein the backbones are formed from polyacrylate, polymeth- 
acrylate, polyvinl ether and polyvinyl ester. 

28. A photoactive copolymer according to any of the claims 1 to 27, wherein the proportion of the side groups of formula 
I relative to the photoreactive side groups is usually < 50 %, preferably < 25 %, and most preferred < 20 %. 

29. A polymer mixture comprising at least two components, in which at least one component is a photoactive copolymer 
according to any of the claims 1 to 28 and at least one other component is an other photoreactive polymer or 
copolymer. 

30. A mixture according to claim 29, wherein the other photoreactive polymer or copolymer is based on acrylate, 
methacrylate, optionally A/-lower-alkyl-substituted acrylamide, methacrylamide, vinyl ether, vinyl ester, styrene de- 
rivatives, imides, amic acids and their esters or amidimides where the side chains contain as photoreactive groups 
substructures of formula li or III. 

31. A mixture according to claim 29, wherein the other photoreactive polymer or copolymer is based on imides, amic 
acids or amic acid esters incorporating cinnamic acid or coumarin derivatives as photoreactive side chains. 

32. A mixture according to claim 29, wherein the photoactive copolymer according to any of the claims 1 to 28 is based 
on polyacrylate, polymethacrylate, polyvinl ether or polyvinyl ester and the other photoreactive polymer or copol- 
ymer is based on polyimide, polyamic acid or polyamic acid ester. 

33. A mixture according to any of the claims 29 to 32, wherein the content of the photoactive copolymer according to 
any of the claims 1 to 28 is < 25 wt%, more preferred < 15 wt%, most preferred < 10 wt%. 
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34. A polymer layer comprising one or more copolymers as claimed in any one of claims 1 to 28 or a mixture as claimed 
in any one of claims 29 to 33 in at least partially crosslinked form. 

35. An orientation layer for liquid crystals comprising one or more copolymers as claimed in any one of claims 1 to 28 
or a mixture as claimed in any one of claims 29 to 33 in at least partially crosslinked form. 

36. An optical or electro-optical device comprising one or more copolymers as claimed in any one of claims 1 to 28 or 
a mixture as claimed in any one of claims 29 to 33 in at least partially crosslinked form. 

37. An optical constructional element comprising one or more copolymers as claimed in any one of claims 1 to 28 or 
a mixture as claimed in any one of claims 29 to 33 in at least partially crosslinked form. 

38. The use of a photoactive copolymer according to any one of claims 1 to 28 or a mixture according to any one of 
claims 29 to 33 in an orientation layer for liquid crystals. 

39. The use of a photoactive copolymer according to any one of claims 1 to 28 or a mixture according to any one of 
claims 29 to 33 in the construction of optical or electro-optical devices. 

40. The use of a photoactive copolymer according to any one of claims 1 to 28 or a mixture according to any one of 
claims 29 to 33 in the construction of optical constructional elements. 

41. The use of a photoactive copolymer according to any one of claims 1 to 28 or a mixture according to any one of 
claims 29 to 33 in the construction of unstructured and structured optical elements. 

42. Use of a photoactive copolymer according to any one of claims 1 to 28 or a mixture according to any one of claims 
29 to 33 in the construction of a multi-layer system. 
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